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Background: Early prediction of proximal left anterior descending coronary artery (LAD) occlusion is essential
from a clinical point of view
Hypothesis: To develop an electrocardiogram (ECG) algorithm based on ST-segment deviations to predict the
location of occlusion of LAD as a culprit artery.
Methods: ECG and angiographic findings were correlated in 100 patients with an ST-segment elevation
myocardial infarction (MI) in precordial leads V1, V2, and V4 through V6.
Results: ST-depression ≥2.5 mm in leads III + ventricular fibrillation (VF) presents sensitivity (SE) of 77% and
specificity (SP) of 84% for LAD occlusion proximal to the first diagonal artery (D1). ST-segment in III + VF
isoelectric or elevated, presents SE of 44% and SP of 100% for LAD occlusion distal to D1. Subsequent analysis
of the equation

∑
of ST-deviation in VR + V1 − V6 <0, allows us to predict occlusion distal to first septal

artery (S1) with 100% SP. On the other hand, any ST-depression in III + VF >0.5 mm +∑
of ST-deviation in

VR + V1 − V6≥0 identifies a high-risk group (lower ejection fraction, worse Killip findings, higher peak of CPK
and CK-MB, and major adverse cardiac events [MACE]: death, reinfarction, recurrent angina, persistent left
ventricular failure, or sustained ventricular arrhythmia during hospitalization).
Conclusions: This sequential ECG algorithm based on ST-segment deviations in different leads allowed us to
predict the location of occlusion in LAD with good accuracy. Cases with proximal LAD occlusion present the
most markers of poor prognosis. We recommend the use of the algorithm in everyday clinical practice.
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Introduction
ST-elevation in precordial leads in patients with acute
coronary syndrome (ACS) symptoms indicates ST-segment
elevation myocardial infarction (STEMI) involving the
area perfused by the left anterior descending coronary
artery (LAD).1–5 This information alone does not predict
the extent of the potentially damaged myocardium. It
is known that proximal LAD occlusion involves a larger
zone of myocardium than distal occlusion and therefore
has a worse prognosis.6,7 Thus, an early prediction of
proximal LAD occlusion is important not only from an
academic standpoint, but also from a clinical point of
view. Changes in ST-segment in different leads of surface
ECG can identify patients with proximal or distal LAD
occlusion.8–20 Nevertheless, we consider it better to have
an easy-to-use algorithm based on deviations of ST in 12-
lead ECG than to assess the ECG criteria separately. Here
we present such an algorithm based on the evaluation of
ST changes in 12-lead ECG correlated with angiographic
findings.

Methods
Study Subjects

ECG and angiographic findings in 100 consecutive patients
admitted to the Son Dureta University Hospital Palma de
Mallorca (Spain) with ST-elevation in precordial leads V1,
V2, and V4 through V6 as the most evident abnormality were
analyzed. Inclusion criteria were: no history of myocardial
infarction (MI); <6 h from the onset of symptoms; sinus
rhythm; ST-elevation of at least 2 mm in 2 or more
consecutive precordial leads in the ECG at admittance,
and no bundle branch block. Coronary angiography was
performed within the first 12 h after onset of symptoms. All
patients (78 men, 22 women; age range: 32 to 79 y; mean age:
56.5±14.7) met the inclusion criteria. Coronary angiography
documented 1-vessel disease with the culprit lesion in LAD
and no other stenosis greater than 50% was found. Diagnosis
of MI was based on clinical symptoms (anginal pain lasting
over 20 min), ECG findings, and enzymatic changes. A
primary percutaneous coronary intervention (PCI) was
performed in 74 patients, a rescue PCI in 10 patients.
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Clinical Investigations continued

The following variables were considered during the in-
hospital evaluation: ejection fraction (EF) measured by
coronary angiography, Killip class, peak level of CPK
and CK-MB, and major adverse cardiac events (MACE)
during hospitalization: death, reinfarction, recurrent angina,
persistent left ventricular failure, or sustained ventricular
arrhythmias.

ECG Recordings

Standard 12-lead ECG were recorded at a paper speed
of 25 mm/s and a voltage of 10 mm/mV at the time of
admission. ECG tracings were reviewed by 2 independent
investigators blinded to clinical and angiographic data. In
cases of discrepancy, the final decision was made by a third
investigator. In all cases, an amplifier glass was used to
precisely describe ST-changes. ST-changes were measured
60 msec from J point in all the leads. Measurements were
taken to the nearest 0.5 mm (0.05 mV). The TP-segment
was used as the isoelectric line.

ECG Criteria

The injury vector is oriented toward the injured area
and generates ST-segment elevation in the lead facing
the vector head and ST-depression in the lead facing the
vector tail (opposite leads). All patients presented the most
evident ST-segment elevation in precordial leads, which
was considered to be a sign of LAD occlusion.1–3 Different
ECG criteria based on previously published papers9–21 and
our experience4 were evaluated to predict the placement
of occlusion in LAD. Criteria used to locate the occlusion
above or below the first diagonal artery (D1) and the first
septal (S1) are based on deviations of the ST-segment in
inferior (Figure 1A), anterolateral (Figure 1B), and/or VR
leads. All these deviations were evaluated in all patients to
establish the best sequential algorithm.

Coronary Angiography

Coronary angiographic findings were evaluated by 2
independent investigators blinded to clinical and ECG data
of the patients. In all cases, occlusion or culprit critical
stenosis in LAD was responsible for STEMI. The location
of LAD occlusion was described in relation to the S1
and D1 branches. The following occlusion locations were
distinguished: 1) before both branches: D1 and S1; 2)
between S1 and D1; 3) distal to D1 and S1.

Statistics

Continuous variables are expressed as mean±SD. Groups
of patients divided according to the ST-segment deviations
in inferior leads were compared using the chi-square test
with Fisher’s correction when appropriate. Criteria were
dichotomized according to their cut off: at 2.5 mm for
changes in inferior leads and at 0 mm for the sum of changes
in VR, V1 and V6 leads. For ECG criteria; sensitivity (SE),

(A) (B)

Figure 1. (A) ST-segment deviation that may be seen in case of proximal to
D1 and distal to D1 LAD occlusion in frontal plane. (B) Scheme of
ST-deviations seen in case of proximal to S1 LAD occlusion in the horizontal
and frontal planes.

specificity (SP), and positive and negative predictive values
(PPV and NPV) were assessed for all criteria separately and
then sequentially as presented in the algorithm. Continuous
variables were compared using Student t test or analysis of
variance with Bonferroni correction. A p value <0.05 was
considered statistically significant.

Results
ECG Parameters to Predict Occlusion Location

Time from symptom onset to first ECG recording was
147±108 min. Different algorithms based on ST-deviations
in 12-lead ECG were developed to correlate electrocardio-
graphic and angiographic findings. The algorithm presented
in Table 1 showed the best correlation with angiographic
findings. This algorithm includes 2 steps: first, to locate the
occlusion in relation to D1, and second, to locate the occlu-
sion in relation to S1, as mentioned previously. According to
this, the following criteria were found: criterion A: ↓ ST in III
+ VF ≥2.5 mm for occlusions proximal to D1, and criterion
B:

∑
ST in III + VF, isoelectric or elevated, for occlusions

distal to D1. We then use the equation:
∑

ST-deviation in
VR + V1 − V6 for the second step (Figure 2). If the result
is ≥0, the occlusion is proximal to S1 (criterion C) and if
<0 (criterion D), distal to S1 (Figure 3). Cases with slight
ST-depression in III + VF (<2.5 mm) are difficult to classify
in relation to D1, but in these cases the equation:

∑
ST

deviation in VR + V1 − V6 <0 has high specificity for distal
occlusion to S1 (criterion E). The sensitivity, specificity,
positive predictive value, and negative predictive value of
different criteria are shown in Table 1.

Clinical-Electrocardiographic Correlation (Table 2)

Patients who presented ECG criteria of proximal occlusion
(any ST-depression in III + VF >0.5 plus

∑
ST-deviation
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Table 1. Sensitivity, specificity, predictive positive and negative value for each criteria.

ST elevation in V1-2 to V4-6 (n = 100)

↓ST III + VF ≥ 2.5 mm
n = 48

ST III + VF
↑ or isoelectric

n = 19

↓ST III + VF ≥ 0.5 and < 2.5 mm
n = 33

 N = 44 ( Prox. N = 0 Prox. N = 13

N = 26/39 (

Occlusion related to D1

1006741100Prox. to S1D1↓ ST≥2.5 mm III+VF and Σ(VR+V1-V6) ≥ 0A+C

6710010041Distal to S1↓ ST≥2.5 mm III+VF and Σ(VR+V1-V6) < 0A+D

92617783Distal to D1↓ ST≥0.5 and <2.5 mm III+VFE

4610010044Distal to S1Σ(VR+V1-V6) < 0C

3210010042Distal to S1↓ ST≥0.5 and <2.5 mm III+VF and Σ(VR+V1-V6) < 0E+D

1003242100Prox. To S1D1↓ ST≥0.5 and <2.5 mm III+VF and Σ(VR+V1-V6) ≥ 0E+C

7010010044Distal to D1↑ or isoelectric ST in III and VFB

61928477Prox. to D1↓ ST≥2.5 mm III+VFA

NPVPPVSPSELoc. OcclusionCriteriaCriteria

Occlusion related to S1 :
Proximal to S1:

Σ ST VR+V1-V6 ≥ 0 (

Distal to S1:
Σ ST VR+V1-V6 < 0 (

)

)

)
Distal N = 4

)
N = 9/9 ( )

N = 7/22 ( )
N = 11/11 ( )

N = 19 ( ) N = 20 ( )

in VR + V1 − V6 ≥0) constituted a high-risk group (see
Table 2). This high-risk group had lower ejection fraction,
higher peak of CPK and CK-MB, and worse Killip class,
and included more patients with MACE and showing a C
pattern Birnbaum-Sclarowsky,22 and proximal occlusions to
D1, between S1 and D1, or proximal to S1, compared to the
patients who did not meet all these criteria.

Discussion
The amount of left ventricle mass that presents hypoperfu-
sion and is at risk of evolving to MI in the course of LAD
STEMI depends greatly on the location of the LAD occlu-
sion. Therefore knowing the location of the LAD occlusion
at first glance, by just looking at the ECG in the emer-
gency room is of great importance for the best therapeutic
decisions to be made. The recent findings of Masoudi et al.21

suggest that the failure to identify high-risk ECG patterns
in patients with acute myocardial infarction (AMI) results in
lower quality care in the emergency room and highlights the

importance of system changes to enhance the accuracy of
ECG interpretation. Knowing that the occlusion is proximal
or distal to D1 or S1 may be crucial for deciding on the best
approach to treatment: to start fibrinolytic treatment and
keep the patient in the hospital because the risk of a large
AMI is low, or, independently of fibrinolytic treatment, make
the decision to send the patient immediately to a referral
center for a PCI, since there is ECG evidence that the risk of
a large AMI is high. Furthermore, if we have the evidence
that a major left ventricle (LV) area is involved and there
is a danger of MI, we may prefer to administer fibrinolytic
treatment in the first hour in the emergency room or in
an ambulance than perform PCI in a referral hospital 1–2h
later.

Occlusion of the LAD artery may lead to a very extensive
anterior MI, or only septal, apical-anterior or mid-anterior
according to the site of occlusion.23 Proximal LAD occlusion
has been documented as an independent predictor of poor
outcome related to higher mortality and recurrent MI,6,7
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Clinical Investigations continued

Table 2. Risk groups according to ECG findings and its correlation with
angiographic findings

High Risk∗

n = 61 p
Low Risk∗∗

n = 39 p p

Age (years) 55±14 58±16 ns

EF 46±12 56±11 –

Killip 1.8±0.9 1.21±0.7 –

Killip ≥II 45.9% 10.3 –

CK (ui/l) 3947±2804 2611±1986 0.013

CK-MB (ui/l) 479±371 321±265 0.027

C pattern (Birnbaum) 56.3% 24.2% 0.003

Proximal to S1 52.5% – –

Proximal to D1 77% 25.6% –

Distal to D1 23% 74.4% –

Death 3.3% 5.1% ns

ReAMI or Angina

LVF 19.7% 15.4% ns

Ventricular arrhythmia 31.1% 2.6% –

Global MACE 13.1% 7.7% ns

50.8% 25.6% 0.010

∗ECG pattern of high risk: depression in III + VF >0.5 mm plus
∑

of
ST-deviation in VR + V1 − V6 ≥0. ∗∗ECG pattern of low risk: Patients
showing ST isoelectric or elevated in III + VF or

∑
of ST-deviation in

VR + V1 − V6 <0.

and distal LAD occlusion is considered to have a better
outcome. Ischemia provoked by LAD occlusion is reflected
by ST-elevation in precordial leads. The different ECG
criteria for predicting the site of occlusion are based on
the direction of the injury vector. In relation to this idea,
we also demonstrated the usefulness of another algorithm24

connected to this approach to ascertain which is the culprit
artery (right coronary versus circumflex artery) in STEMI
with ST-segment elevation in inferior leads.

Different criteria have been used to differentiate between
proximal and distal LAD using the deviation of ST in inferior
leads as the most useful criterion (Figure 1A,B).4,9–17

However, we present for the first time a sequential, easy-
to-use algorithm, that can be used in clinical practice and
which predicts the location of occlusion in LAD STEMI with
high accuracy.

To make the correct decisions, particularly concerning
the need for urgent reperfusion, we propose the following: 1)
ST-segment elevation in precordial leads V1, V2, and V4
through V6 indicates LAD occlusion; 2) To differentiate the

ST deviation

ST deviation

aVR

V1

V6

aVR

V1

V6

(+1 mm)

(+1.5 mm)

(-1.5 mm)

(-2 mm)

(+0.5 mm)

(+4.5 mm)

Σ (VR + V1 - V6) = (+4 mm)

Σ (VR + V1 - V6) = (-6 mm)

60
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s
60

 m
s

+

-

+

-
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Figure 2. Two examples showing how to use the formula
∑

ST in
VR + V1 − V6 to decide if the occlusion is proximal to S1 or distal to S1.

occlusion in relation to D1 (proximal versus distal), we need
to check the ST-segment deviations in inferior leads. The
sum of ST depression in III and VF leads ≥2.5 mm indicates
an occlusion proximal to D1 (criterion A). The ST-segment,
isoelectric or elevated, indicates that the occlusion is distal
to D1 (criterion B); and 3) To assess more precisely the
location of LAD occlusion in relation to S1, ST-segment
in VR, V1, and V6 should then be checked. If

∑
of ST-

deviation in VR + V1 − V6 is ≥0, occlusion proximal to S1
is suggested. If less than 0, the occlusion is distal to S1.
Our data suggest that the equation is more useful when the
result is <0, and presents a high specificity for an occlusion
distal to S1.

Therefore, being able to locate the occlusion site very
quickly on rapidly scrutinizing the admission ECG is no
longer only academic thanks to this algorithm. In agreement
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Figure 3. ECG findings according to the risk group. (A) High risk group (depression in III + VF >0.5 mm and
∑

VR + V1 − V6 ≥0). (B) Low risk group.

with the findings of Masoudi et al.,21 we found a high
correlation between ECG characteristics on admission
and markers of poor outcome (Table 2). Therefore,
this information is essential to estimate the amount of
myocardium at risk and helps us to undertake clinical
decisions regarding the need of urgent revascularization.

Limitations of the Study

In this study we analyzed the usefulness of ECG criteria in
patients with LAD STEMI and no other vessels with more
than 50% occlusion. We are now validating these criteria in a
series of patients with STEMI due to culprit LAD and more
than 50% coronary occlusion in the right coronary artery or
circumflex artery.
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